Introduction
Soaring prices are a reminder of the essential role that affordable products play in sustainable economic growth and higher human development. Utilization of waste materials has become more pressing than ever. Red mud is accumulating at a rate of 30 million ton annually throughout the world. Under normal conditions when 1 ton of alumina is produced from bauxite, an equal amount of red mud is generated as a waste. A further aspect is their reuse as starting materials for other products (Grjotheim & Welch, 1998; Kasliwal, & Sai, 1999) . Red mud has been suggested as filler for polymer reinforcement or as a cheap adsorbent for removal of toxic metals or an acid by several researchers. , tried to improve the mechanical properties and abrasive wear properties of polymer blend filled with red mud. Pradhan et al. 1999 had reported that activated red mud as a good adsorbent was used for adsorption of phosphate or chromium. In addition, the mechanical and thermal properties of polymers are generally improved by the addition of inorganic fillers. The challenges in this area of high-performance organic-inorganic hybrid materials are to obtain significant improvements in the interfacial adhesion between the polymer matrix and the reinforcing material since the organic matrix is relatively incompatible with the inorganic phase. Generally, a better interfacial bonding will impart better properties to a polymer composite such as high modulus, strength, and stiffness (Agag et al., 2001; Jang, 1992) .This reinforcement of polymer filled with inorganic material is largely dependent on the physical interfacial phenomenon between the filler and matrix. This can be determining the degree of adhesion by physical interaction, such as active functional groups, hydrogen bonding, Lewis acid-base interactions, surface energy, and crystallite faces of filler surface at the interface (Park & Kim, 2000; Park & Cho, 2000) . To increase physical interaction, various surface treatment techniques are applied, such as oxidation in acid solutions, (Donnet & Bansal, 1990 ) dry oxidation in oxygen, (Yuan et al., 1991) anodic oxidation, (Ishikawa & Matsumoto, 2001 ; Park, S. J.; Kim) and plasma treatments (Dilsiz et al., 1995) . Surface modification leads to development of surface functional activity on a filler surface, resulting in modification to achieve good interfacial adhesion between the reinforcement and the matrix. In materials research, the development of polymer nanocomposites is rapidly emerging as a multidisciplinary research activity whose results could broaden the applications of polymers to the great benefit of many different industries. The details about worldwide generation of Red Mud, country wise and region wise is shown in fig. 1 .
Fig. 1. Red Mud generation Continent/Region wise
The use of layered inorganic fillers has been a common practice in the plastics industry to improve the properties of thermoplastics. The effects of filler on the material properties of composite materials depend strongly on its particle size, shape, aggregate size, surface characteristics, and degree of dispersion. Polymer composites prepared in combination with an organic component as a matrix and an inorganic component as filler on the nanoscale (Huang et al., 1987; Suriyet et al., 1992; Novak & Ellsworth, 1993; Hajji et al., 1999) have additional advantages, such as the possibility of obtaining a material that has the advantages of both organic materials (e.g., light weight, flexibility, good moldability) and inorganic materials (e.g., high strength, heat stability, and chemical resistance) (Shao et al, 2003) . Low volume additions (≤5%) of nanoparticles of layered red mud provide property enhancements with respect to the neat resin that are comparable to those achieved by conventional loadings (15-40%) of traditional fillers. Red mud (nanofiller) is a major waste material obtained during the production of alumina from bauxite by the Bayer's process. It comprises of silicates and oxides of iron, aluminum, sodium, calcium and titanium, along with some other minor constituents. Based on economics as well as environmental related issues, enormous efforts have been directed worldwide towards red mud management issues i.e. of utilization, storage and disposal. Different avenues of red mud utilization are more or less known but none of them have so far proved to be economically viable or commercially feasible. Thermoplastics have a big potential for applications in the industry as well as in construction, electrical applications and food packagings. One of the few disadvantages associated with the use of nanofillers, is their high cost. The present research work has been undertaken with an objective to explore the use of red mud as a reinforcing material as a low cost option. This is due to the fact that red mud alone contains all these reinforcement elements and is plentifully available. 
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In mechanical reinforcement major issues are the homogeneous dispersion of nanofillers in the polymeric matrix and the developments of chemical bonding or strong interaction at the nanofiller-matrix interface. In this study we have used acid modified and organically modified red mud for better homogeneous dispersion as well as enhanced material properties. The focus of this research was to experimentally characterize the two polymer nanocomposite systems and investigate the role of modification of filler in their behavior. Modified Red mud nanoparticles were dispersed in poly (vinyl alcohol) (PVA) and poly hydroxy ether of bisphenol-A (Ph) matrices. The conventional solvent casting technique was employed to generate polymer nanocomposites. Red mud was treated with boric acid and phosphomolybdic acid to develop the acidic functional groups or active oxygen, resulting in the better dispersion of the red mud into the polymer matrices. Red mud was also organically modified with the oligomers of aniline formaldehyde, for better interaction between the filler and the polymer matrices. The particle size of the modified red mud was determined by field emission scanning electron microscopy (FESEM). The as-synthesized composite films were typically characterized by FTIR spectroscopy and X-Ray Diffraction. The morphological image of the composite materials was studied by scanning electron microscopy (SEM) and the dispersion of the modified fillers within the matrix was studied by transmission electron microscopy (TEM).The thermal properties measured by thermogravimetric analysis (TGA) showed enhanced thermal stability of a series of composite materials. The differential scanning calorimetry (DSC) showed increase in glass transition temperature and crystallization of the composite films. The physical topography of the composite materials was studied by Atomic Force Microscopy (AFM). Polyvinyl alcohol (PVA) is cornmercially available in dry granular or powdered form. It is a water-soluble and fully biodegradable polymer (Chen et al., 2000; Bachtsi & Kiparissides, 1996 ) . PVA is having planar zigzag structure like polyethylene (Horii et al., 1992) . All PVA grades are readily soluble in water. As a hydrophilic polymer, PVA exhibits excellent water retention properties. Conditions for dissolution are governed primarily by degree of hydrolysis, but they are influenced by other factors such as molecular weight, particle size distribution and particle crystallinity [Peppas & Merrill 1977] . Optimum solubility occurs at 87-89% hydrolysis. The partially hydrolyzed grades in this range exhibit a high degree of cold-water solubility. For total dissolution, however, they require water temperatures of about 185°F (85°C) with a hold time of 30 minutes. It is, in fact, a refinement of PVAcetate since the most common manufacturing process is to replace by hydrolysis (or alcoholysis) the acetate groups with hydroxyl groups. This is commonly achieved using the presence of catalytic quantities of alkali such as sodium hydroxide (which, since it acts only as a catalyst, should not in theory remain in the final product). The extent of hydrolysis will determine the amount of residual acetyl groups and this in turn apparently affect the viscosity characteristics. [ Ray & Bousmina ,2005] PVA exists only as a polymer; a monomer has not yet been isolated, so the chemical structure is described in Fig.2 . 
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The PVA concentration in an aqueous solution is determined by the type of application. However, at concentrations greater than 10 wt%, the viscosity of the aqueous solution at room temperature is such that pouring becomes difficult. In addition to its solubility, PVA is also appreciated for its good mechanical properties in the dry state, resistance to common solvents, barrier effect in dry atmospheres, possibility of food contact for suitable grades, biodegradability. Some of the physical properties of PVA are as presented in table 1. The commercial name of poly (hydroxy ether ) o f b i s p h e n o l A i s P h e n o x y , a n d a s a thermoplastic polymer it possesses many excellent properties such as (Zhang et al., 2002 fig.3 . The inorganic acid modifier compatibilizes the silicate and hydroxide surface to polymer matrices and spaces the crystalline layers apart to minimize the energy needed for exfoliation process.
Properties Values

Preparation of organically modified-red mud
The organic modification of red mud was done by the following two steps: i. Freshly prepared Aniline Hydrochloride is mixed with red mud with a magnetic stirrer. ii. Formaldehyde is then added drop by drop to the mixture with intense stirring action. The addition of aniline hydrochloride to red mud replaces the cation present in the octahedral sites of the silicate with aniline occupying the same. The formaldehyde added would form a condensation oligomer as the product with the pendent group as formaldehyde which is compatible with the polymer. The ratio of Aniline to formaldehyde is kept 1:1 so as to stop any further condensation of the aniline and formaldehyde as this could lead to the polymer blend type nanocomposite, which could have the problems associated with miscibility of polymer blends and this filler would not be universal filler for the polymer matrix. The figure 4 depicts the experimental setup for the organic modification of red mud. Figure 5 showed the mechanism and condensation reaction between substituted aniline and formaldehyde. After substitution of the metal cation, condensation reaction occurs between the substituted amine group with extra hydrogen and the formaldehyde molecule to form water as a byproduct. Thus the organic entity enters the space between the silicate layers thus providing a suitable site for binding the polymer. When this filler is mixed with the polymer, the polymer chains are attracted due to the presence of the organic species at the interlayer spaces, and thus get intercalated in between the layers, which have about nanometer size openings. The reaction mechanism can be best depicted by the following sequence PMA are not present in the spectra of the PRM, indicating that there is specific interaction between the keggin structure and red mud. An upward shift was observed for the ν (P-O) and ν (Mo-O c -Mo) stretching vibrations, whereas bands ascribed to the stretching vibration ν (Mo-O t ) does not appear in the PRM. The major vibration bands for organically modified red mud as shown in Fig. 6 occurs at OH/NH stretching (3320 cm -1 ), NH 3 + (1598 cm -1 ) and Ar-N (1512 cm -1 ). A red shift in the hydroxyl peak at 3320cm -1 for modified red mud arises due to the interaction of red mud platelets with the aniline hydrochloride moiety through physical interactions. The characteristic Si-O stretching vibration is not found in case of ORM due to formation of a coating of organic moiety around the silicate galleries. Si-O 993 - Table 4 . Assignment of FTIR spectral bands for raw red mud and organically modified red mud
Mechanism:
Groups
The representative FTIR spectra of the pure PVA and various polymer nanocomposite materials are shown in Fig.7 .The characteristic vibration band of PVA for hydroxyl stretching vibration(O-H) having polymeric association is shown at 3292 cm -1 , While the alkyl stretching band of C-H is shown at 2942 cm -1 .The peak at v=1736 cm -1 is due to C=O stretching of saturated aliphatic esters (acetate), 1042cm -1 (O-H Bending), and 1424 cm -1 (C-H Bending). The FTIR spectrum in Fig. 3 .6 also shows the spectra associated with PRM2, SP2 and CP2. The intensity of the O-H stretching vibration peak (ν = 3200-3400 cm -1 ) decreased and peak frequency shifted from 3292 to 3250 cm -1 , i.e. to a lower frequency as compared to that of pure PVA. The red shift in the hydroxyl stretching frequency occurs due to the various degree of hydrogen bonding between the polymer and the filler which lengthens and weakens the O-H bond and hence lowers the vibrational frequency. Also, the peak frequency of C-H for PRM2, SP2 and CP2 occurs at 2916 cm -1 , 2945 cm -1 and 2960 cm -1 respectively as tabulated in Table 5 . By loading 1% ORM (CP2) in the polymer matrix, the alkyl stretching vibration of C-H increases from 2942-2960 cm -1 and occurs due to the interaction of polymer matrix with the organic moiety of the filler. The FTIR spectra in Fig. 8 shows the spectra associated with PRM4, CP4 and SP4.The intensity of the O-H stretching vibration peak (ν = 3200-3400 cm -1 ) decreased and the peak frequency shifted from 3292 in case of pure PVA to 3278 cm -1 , 3245 cm -1 and 3230 cm -1 for PRM4, CP4 and SP4 respectively i.e. to a lower frequency as compared to that of pure PVA. This is again due to the intermolecular hydrogen bond formation, thereby decreasing the O-H stretching frequency with the increase in the percent loading of the modified filler. The other characteristic peaks are given in table 6. 
X -ray diffraction study
Wide angle X-ray diffraction studies were performed on raw red mud and the modified red mud as shown in Fig. 9 . (001) Table 7 . XRD basal spacing results of raw red mud, and acid modified red mud
In the ORM, the case appears to be slightly different with the peak being lost. Thus, we could infer that the silicate layers undergo exfoliation or random dispersion at the modification stage itself. This suggests that the aniline formaldehyde type precursor have formed a coating on the partially exfoliated silicate layers leading to random dispersion thus rendering the absence of peaks in the XRD micrograph (Alexandre & Dubois, 2000) . The XRD patterns for the Virgin PVA and the PVA nanocomposite films with different critical loading percentage of modified red mud were depicted in Fig. 10 . The crystallinity of the nanocomposite membranes was found to be mainly due to PVA. The characteristic diffraction peak for pure PVA was observed at 2θ value of 22.56 o . While the diffraction peak of the nanocomposite films were considerably broadened and displaced to lower 2θ values as shown in The change of crystalline behavior was further evidenced by the studies of the morphological image of as-synthesized materials. Individual silicate layers, along with two, three and four layer stacks, were found to intercalate and partially exfoliate in the PVA matrix.
SEM
On higher magnification (10,000 X) viewing of morphology of pristine PVA SP4 and SP5 type of nanocomposite films in Figure 11 (a) , (b) and (c) respectively, it was found that the morphology of polymer nanocomposite films becomes much smooth than pure PVA. 
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The granules shape of PVA indicates some crystalline behavior occurring in pure polymer. The incorporation of red mud seems to destroy the orientation of semicrystalline polymer and to convert the polymer morphology approaching to amorphous state. [Bhat & Banthia, 2007] The SP5 showed much smooth morphology that is different to crystallites of PVA observation. This result is consistent with the wide-angle powder XRD patterns as described previously.
Transmission Electron Microscopy (TEM)
TEM complements XRD by observing a very small section of the material for the possibility of intercalation or exfoliation. It also provides information about the particle size and nanodispersion of particles. It however, supplies information on a very local scale. However, it is a valuable tool because it enables us to see the polymer and the filler on a nanometer scale. The images, in Fig. 12 the silicate galleries of the organically modified red mud showed partial exfoliation and intercalation as depicted by the ridges in the image. While SP5 and PRM4 showed completely intercalated system. Nanoparticles showed agglomeration in some parts of the composite films due to the conformation of the polymer chains adhered to the nanoparticles. Particle sizes on the TEM images are worth noting. In Figure 12 , several ORM particles in PVA are ~8 nm , in Figure 13 , BRM in PVA are as small as ~12 nm, and in Fig. 14, PRM in PVA ranges to a size of ~23 nm. Thus, it could be inferred, that there were numerous platelets that were expanded by the penetration of polymer chains. 
Atomic Force Microscopy (AFM)
The surface morphology of the pure PVA membrane and the PVA-modified nanocomposite membranes were analyzed by Tapping Mode -Atomic Force Microscopy (TM-AFM). Quantitatively, the differences in the morphology can be expressed in terms of various roughness parameters such as the mean roughness R a , the root mean square (rms) of vertical data R q , and the maximum height R max . Here, the mean roughness is the mean value of surface relative to the center plane, the plane for which the volume enclosed by the image above and below this plane are equal; R max the height difference between the highest and lowest points on the surface relative to the mean plane and R q is the standard deviation of the Z values within the given area. The roughness parameters were calculated for pure PVA and PVA nanocomposite membrane surfaces with critical loading of filler and have been summarized in tabular format. The TM-AFM images of the Pure PVA membrane is depicted in Fig. 15 . The AFM images of PVA membrane shows randomly distributed hard crystalline regions (crystallites) of 100 -250 nm in dimension on the membrane surface as evident from the observed morphology. The pure PVA membrane surface has a mean roughness of 1.026 nm. The nanocomposite membrane with critical loading percentage of 3 wt. % BRM content (Fig.  16) shows a homogeneous and non-porous morphology. The mean roughness for the surface topography of the membrane was found to be 6.595nm. This shows that there is a good compatibility between the filler (BRM) and the PVA matrix. While critical loading surface topography of CP4 and PRM4 as shown in Fig. 17 and 18 respectively again showed homogenous and non-porous morphology. The mean roughness of CP4 and PRM4 were observed to be 2.016 nm and 9.22 nm respectively as shown in table 9. Table 9 . Roughness parameters for Pristine PVA and the PVA nanocomposite membrane surfaces
Thermogravimetric properties
The thermal stability of the raw red mud, ORM, pure PVA and PVA nanocomposite membranes with different filler content was investigated by thermogravimetric analysis. The TGA thermograms of the raw red mud, ORM, and PVA-nanocomposite films are shown in Fig. 19 , Fig.20 and Fig. 21 respectively. The raw red mud is thermally stable up to 267 o C while ORM is stable upto 243 o C. Although ORM has 37% residue at 600°C, raw red mud is more stable, with 88% residue at 600°C.Raw red mud suffers an 11% weight loss at 600°C because of the probable loss of volatile impurities. The pristine PVA is thermally stable up to 250 o C. The PVA nanocomposite membranes show enhanced thermal stability; the thermal degradation of the PVA nanocomposites generally showed two major weight loss steps. The first weight loss of 15-20 wt % is centered on 150 o C and corresponds to weight loss of absorbed water and structural water of the polymer nanocomposite membranes. The weight losses in the temperature ranges of 353-483°C can be attributed mainly to the subsequent structural decomposition of the polymer backbones at higher temperatures. Evidently, the thermal decomposition of the polymer nanocomposite materials shift slightly towards the higher temperature range than that of pure PVA, which confirms the enhancement of thermal stability of intercalated polymer [Lee & Jang, 1996] . The Polymer nanocomposite membrane with critical loading of SP5, showed better thermal stability as compared to CP4 and PRM4. This could be due to better intercalation of polymer matrix within the silicate galleries of SP5 while in case of www.intechopen.com
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CP4, inspite of partial exfoliation and intercalation, thermal stability is considerably lesser than SP5 .This could be due to presence of organic moiety in CP4 which causes a decrease in its thermal stability. After, 500 ο C, the curve all became flat and mainly the inorganic residue (i.e. Al2O3, MgO, and SiO2) remained.
3.9 Differential scanning calorimetry DSC traces of PVA and polymer nanocomposite materials are shown in Fig.22 . PVA exhibited an endotherm at 52. o C corresponding to the glass transition temperature (T g ) of PVA [90] . All the nanocomposite materials with different critical loading percentage of modified red mud were found to have a high T g compared to the bulk PVA. This could tentatively be attributed to the confinement of the intercalated polymer chains within the red mud galleries that prevents the segmental motions of the polymer chains, thereby enhancing the glass transition temperature of the polymer matrix. The nanocomposite membrane SP5 showed maximum T g and melting temperature (T m ) of 68 o C and 207 o C respectively. Thereby, revealing efficient dispersion of BRM within the polymer matrix.. The glass transition temperature (T g ) and melting temperature (T m ) of pure PVA and PVA nanocomposite membranes have been tabulated in table 11. Table 12 . Table 12 . Sample Designation
FTIR spectroscopy
The FTIR spectra in Figure 23 showed the presence of characteristic peaks of poly (hydroxy ether) of bisphenol A. The characteristic vibration band of Phe for hydroxyl stretching vibration (O-H) having polymeric association was observed at 3394 cm -1 , While the alkyl stretching band of C-H was shown at 2974 cm -1 and aryl stretching band of C-H at 3037 cm -1 . The peak at ν = 1183 cm −1 is due to C-O stretching of phenyl ether linkage. Further, the peak at ν = 1607 cm −1 could be attributed to the aromatic ring. Figure 23 also showed the spectra of Phe-modified red mud nanocomposite membranes with different loading percentage of the filler. The characteristic vibration band of PRC3 for hydroxyl stretching vibration (O-H) was observed at 3270 cm -1 . The intensity of the O-H stretching vibration peak decreased and peak frequency shifted from 3394 to 3270 cm -1 , i.e. to a lower frequency as compared to that of pure phenoxy. The red shift in the hydroxyl stretching frequency occurs due to the various degree of hydrogen bonding between the polymer and the filler which lengthens and weakens the O-H bond and hence lowers the vibrational frequency. The alkyl stretching band of C-H in case of PRC3 also showed red shift from 2974 to 2861 cm -1 due to the interaction of modified red mud with the polymer matrix. Similarly, peak at ν = 3036 cm -1 , was attributed to the stretching vibration of aryl C-H band, slightly lower frequency than the pure phenoxy. The other characteristic vibrational frequencies of PRC3 are presented in table 13. Mo-O c -Mo -896 -- Table 13 . Assignment of FTIR spectral bands for Pure Phenoxy and the Ph/modified red mud nanocomposite membranes
The spectra of PNC2 and PNC3 as shown in fig. 23 , showed the disappearance of the hydroxyl stretching frequency (O-H). The disappearance of the hydroxyl peak depicted complete physical interaction of the O-H group with different groups of the organically modified red mud, thereby not leaving any free hydroxyl group. However, alkyl stretching band of C-H for PNC2 and PNC3 were observed at 2948 and 2947 cm -1 respectively. The red shift in the alkyl stretching frequency C-H of PNC2 and PNC3 as compared to the pure phenoxy showed interaction of the filler with the polymer matrix. The characteristic vibrational frequencies of PNC2 and PNC3 at ν = 1571 and 1572 cm -1 respectively, was attributed to the stretching frequency of ammonium ion (NH 3 + ), thereby depicting formation of zwitter ion. The other vibrational frequencies associated with PNC2 and PNC3 have been tabulated in table 13. The organically modified red mud(ORM) showed better interaction with the poly (hydroxy ether) of bisphenol A matrix as compared to phosphomolybdic acid modified red mud (PRM), therefore, it can be inferred that ORM will show better dispersion into the polymer matrix as compared to PRM.
X -ray diffraction study
The wide angle diffraction pattern of PRC2 and PRC3 films are shown in Fig. 5 . The crystallinity of the composite membranes is mainly due to Phe. The characteristic diffraction peak for PRC2 and PRC3 were observed at a 2θ value of 2.36 o and 2.26 o . The diffraction peak at 2θ = 2.26 o is considerably broadened and the interplanner distance has also widened compared to the raw red mud and PRC2 nanocomposite, indicating intercalation of the phenoxy matrix within the nanofiller of the nanocomposite membranes. The polymer nanocomposite films showed decrease in the intensity of the crystalline peak as the loading percentage of organically modified red mud increased. The decrease in the intensity of crystalline peaks showed an increase in the disorderness of the interlayers of modified red mud. The X-ray diffraction pattern of phenoxy-organically modified red mud nanocomposite membranes are shown in fig. 24 .The characteristic diffraction band of PNC3 was observed at 2 θ = 2.11 o . The increase in the interlayer distance of silicate galleries of the organically modified red mud indicated that Phe has successfully intercalated into the silicate layers.
Field Emission Scanning electron microscopy (FESEM)
Field emission scanning electron microscope has evolved in which the electron beam cross section has become smaller and smaller increasing magnification several fold. Raw red mud and modified red mud were characterized by Field Emission Scanning Electron Microscopy (FESEM), as shown in Figure25. The FESEM analysis showed that the raw red mud consisted of aggregates, including particles of different dimensions. The FESEM image of the PRM and ORM showed a very fine distribution of particles with a size of 64 and 71 nm respectively as shown in Fig. 7 . While ORM showed a homogenous distribution of particles than raw red mud with particle size larger than PRM due to formation of organic coating around the particles. 
Transmission Electron Microscopy (TEM)
TEM complements XRD by observing a very small section of the material for the possibility of intercalation or exfoliation. It also provides information about the particle size and nanodispersion of particles. It however, supplies information on a very local scale. However, it is a valuable tool because it enables us to see the polymer and the filler on a nanometer scale. Fig. 8 (a) showed a representative TEM image of the PNC3 with a 3 wt% loading percentage of organically modified red mud in the phenoxy matrix, while fig. 8(b) showed a representative TEM image of PRC3. As seen in fig. 8(a) , a rather good dispersion of the organically modified red mud is achieved. It is clear that the area covered by the red mud in fig.8 (a) is larger than in fig. 8(b) indicating a more extended platelet separation and an overall best nanodispersion of the critical loading of 3 wt% ORM in the phenoxy matrix. Fig. 26 . TEM micrographs of (a) PNC3 (b) PRC3
The average particle size was found as 14 nm in case of PNC3 as shown in fig. 26(a) , while the size of the particles in PRC3 was found to be 19 nm as shown in fig. 26(b) . In fig. 26(b) , the nanoparticles showed certain extent of agglomeration and formation of interconnected aggregates or tactoids of silicates. There may be several fundamental problems that affect the polymer particle interactions in solution, resulting in disordered nanoparticle aggregates. These problems may arise from competing interactions between solvent, polymer chains and filler particles. The conformation of the polymer chains adhered to the nanoparticles also influences the ordered dispersion of the particles. The presence of the organically modified red mud and phosphomolybdic acid modified red mud with different loading percentage and dispersing capabilities, may help us to identify the main structural driving force for dispersion in these Phe based PNs. It has been reported that the interaction between the polymer chains and the inorganic surface of the clay (Fornes et al., 2004 ) is crucial in polar polymers, and therefore it could also exist between the polar Phe and the modified red mud surface. Good dispersion of modified red mud in the polymer matrix will have a significant effect on the properties of the nanocomposites.
Thermogravimetric properties
The thermal stability of the pure Phe and Phe nanocomposite membranes with different filler content was investigated by thermogravimetric analysis. The TGA thermograms corresponding to the thermal decomposition of pure Phenoxy and Phe-nanocomposite films are shown in fig. 27 and fig. 28 . 
Atomic Force Microscopy (AFM)
The surface morphology of the pure Phenoxy membrane and the Ph-modified nanocomposite membranes were analyzed by Tapping Mode -Atomic Force Microscopy (TM-AFM). Quantitatively, the differences in the morphology can be expressed in terms of various roughness parameters such as the mean roughness R a , the root mean square (rms) of vertical data R q , and the maximum height R max . Here, the mean roughness is the mean value of surface relative to the center plane, the plane for which the volume enclosed by the image above and below this plane are equal; R max the height difference between the highest and lowest points on the surface relative to the mean plane and R q is the standard deviation of the Z values within the given area. The roughness parameters were calculated for pure Ph and Ph nanocomposite membrane surfaces with critical loading of filler and have been summarized in tabular format. The TM-AFM images of the Pure Phe membrane is depicted in Fig. 29 . The AFM images of Phe membrane showed randomly distributed hard crystalline regions (crystallites) of 50 -200 nm in dimension on the membrane surface as evident from the observed morphology. The pure Phe membrane surface has a mean roughness of 3.297 nm. The nanocomposite membrane with critical loading percentage of 3 wt. % ORM (i.e., PNC3) content (Fig. 29) showed a homogeneous and non-porous morphology. The mean roughness for the surface topography of the membrane was found to be 4.045 nm. This shows that there is a good compatibility between the filler (ORM) and the Ph matrix. This is in consistent with the results of SEM studies. While critical loading surface topography of PRC3 showed some non-uniform regions with non-porous morphology. The mean roughness of PRC3 was observed to be 4.562 nm as shown in Fig.30 . Ph exhibited a shallow endotherm at 61 o C corresponding to the glass transition temperature (T g ) of Ph. All the nanocomposite materials with different critical loading percentage of modified red mud were found to have a high T g as compared to the pristine Phe. This could be attributed to the confinement of the intercalated polymer chains within the red mud galleries that prevents the segmental motions of the polymer chains, thereby enhancing the glass transition temperature of the polymer matrix. The PNC3 nanocomposite membrane showed maximum T g and melting temperature (T m ) of 66 o C and 220 o C respectively. This depicted that PNC3 is thermally more stable than PRC3 nanocomposite membrane on account of better dispersion and adhesion of the ORM within the polymer matrix. The glass transition temperature (T g ) and melting temperature (T m ) of pure phenoxy and Ph nanocomposite membranes have been tabulated in The PVA-boric acid modified red mud nanocomposite films showed better glass transition temperature T g and thermal stability at a filler concentration of 3.0wt percentage. -In PVA/ORM nanocomposite systems, 2.0wt% modified red mud (CP4) based nanocomposite film exhibited relatively good dispersion with increase in the thermal stability, glass transition temperature. -In PVA/PRM nanocomposite systems, 2.5wt% modified red mud (PRM4) based nanocomposite film exhibited relatively good dispersion with increase in the material properties as compared to the pristine poly (vinyl alcohol). -PVA based nanocomposites showed an increase in the roughness values with the increase in the filler content but the 3.0wt% of boric acid modified red mud nanocomposite membrane showed lower roughness values as compared to the critical loading percentage of ORM and PRM based nanocomposites. -On comparing the material properties of all the three nanocomposite systems, it was found that the critical loading percentage of BRM based nanocomposite system (i.e., SP5) showed better enhancement as compared to the critical loading percentage of ORM and PRM based nanocomposite systems. -
The TEM images of the PVA-modified red mud nanocomposite membranes showed homogeneous nano phase dispersion of the modified red mud in the PVA polymer matrices at a scale of 8-23 nm particle size.
www.intechopen.com Thermoplastic Polymer based Modified Red Mud Composites Materials 85 -In the poly(hydroxy ether of bisphenol A) (Phe) based nanocomposites as reported in this work, mostly intercalated structures were produced in the acid modified red mud modifications, but modification by organic moiety (ORM) resulted in a mixed intercalated-exfoliated structure. -Thermal stability of polymer also increases after nanocomposites preparation, because red mud acts as a heat barrier, which enhances the overall thermal stability of the system, as well as assist in the formation of char after thermal decomposition. -Phe based nanocomposites showed an increase in the roughness values with the increase in the filler content but the 3.0wt% of organically modified red mud nanocomposite membrane showed lower roughness values as compared to the critical loading percentage of PRM based nanocomposites. Thus, PNC3 showed homogenous and non-porous morphology as compared to the coarse morphology of PRC3 type of nanocomposites.
-
The average particle size in case of PNC3 is 14 nm while the particle size of PRC3 is 19 nm as revealed by TEM studies.
